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The facultative anaerobic bacterium Klebsiella pneumoniae can grow aerobically or
anaerobically, on citrate as sole carbon source. Two separate transport systems are
responsible for the translocation of citrate. One system operates during aerobic conditions
while the other system is induced during anaerobic conditions. Since citrate is largely fwo-
or three-anionic under physiological growth conditions (befween pH 6 and pH 7), the nature
of the translocated citrate species is of particular interest. During aerobic conditions
K.pneumoniae can use citrate via the tricarboxylic acid cycle, but this system is inoperative
during anaerobic conditions. Alaerobic fermentation of citrate proceeds via citrate lyase and
the oxaloacetate decarboxylase. This latter enzym is of special interest since it is a
membrane bound protein which acts as a primary Na*-pump. The sodium gradient generated
by this enzym is used to drive the uptake of citrate into the cell. To study the structure-
function relationship of these unique bioenergetic systems the genes coding for the citrate
transport systems have been cloned and sequenced. These sfudies revealed the primary
structure of the protein. Also the mechanism of transport has been studied in great detail.
In chapter 2 the citrate transport determinant of plasmid pES, from K.pneumoniae has been
subcloned in Escherichia coli DH1. The DNA sequence of a 1.7 kilobase fragment that
codes for the proton dependent citrate carrier (CitH) has been determined and the gene
product has been visualized using the T7 promoter system. The DNA fragment contains an
open reading frame of 1332 base pairs and codes for a protein of 444 amino acids. The
hydropathy profile suggests that the protein is very hydrophobic and that the protein contains
12 membrane spanning segments centered around a hydrophilic core. The gene for the
citrate carrier has 66% simrlarity with a citrate carrier determinant from a naturally
occurring plasmid responsible for secondary transport of citrate across the cytoplasmic
membrane of E.coli. Chapter 3 describes the mechanism of citrate translocation via CitH.
Uptake of citrate in E.coli via this uptake system is an electrogenic process but the pH
gradient is the main driving force for citrate uptake. The rate of citrate uptake driven by
artificially imposed ion-gradients is high in the presence of an artificial ApH and low in the
presence of an artificial A*. Citrate transport does not depend on the presence of Na* or
Mg2* ions as has been observed for other citrate transport systems. Citrate has 3 pK values;
3.I4,4.-17 and 5.40. Citrate3- forms a stable complex with Mg2* with a stability constant
of 3,2. Kinetic parameters and calculations of the different citrate species at a given pH,
indicate that the H-citrate2- is the transported species and that transport occurs in symport
with 3 protons. In chapter 4 the genetic analysis of CitS is described. The gene coding for
CitS, cirS, is located on plasmid pES3 and encodes a 446 amino acid protein. Transport of
citrate via this CitS is dependent on the presence of sodium ions and is inhibited by
magnesium-ions. The ApH is the major driving force for uptake. It is postulated that, in
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analogy with CitH of K.pneumoniae, only H-citratez- is recognized by CitS and that this
citrate species is translocated across the membrane in symport with protons and sodium
ions. The hydrophobicity profile of CitS suggests that the protein is very hydrophobic and
contains 12 membrane-spanning segments. These segments are not centered around a
hydrophilic core as has been suggested for other transport proteins, but the protein is
asymmetrical with seven transmembrane segments in front of a large hydrophilic loop and
five after this loop. The amino acid sequence is highly similar to a citrate transport system
of Lactococcus lactis subsp. lactis var. diacerylaclis (CitP) and less similar to CitH.
In chapter 5 it is shown that transport of citrate via CitS is dependent on the presence of
Na*. CitS has been expressed in E.coli and uptake of citrate in E.coli membrane vesicles
via this uptake system was found to be an electrogenic process, although the pH gradient
is the main driving force for citrate uptake. Analysis of the affinity constants for the
different citrate species at different pH of the medium indicates that H-citrate2' is the
transported species. Since the AV is a driving force for citrate transport, transport has to
occur in symport with at least 3 monovalent cations. Citrate efflux is stimulated by Na*
concentrations upto 5 mM Na* but inhibited by higher Na* concentrations. Citrate
exchange, however, is stimulated by all Na*-concentrations indicating sequential events in
which Na* binds before citrate in the translocation step followed by a release of Na* after
release of citrate. CitS has, at pH 6.0 and in the presence of 5 mM citrate on both sides of
the membrane, a K.* for Na* of 200 pM. The Na*/citrate stoichiometry was found to be
1. Finally in chapter 6 the results described in this thesis are discussed and evaluated.
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